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Abstract:
In this paper, we study the impact of energy taxes and the EU ETS on a large number of firms in Europe between 1996 and 2007. Using company level micro-data, we examine how firms in different sectors were affected by environmental policies. Aspects of behaviour and performance studied include total factor productivity, employment levels, investment behaviour and profitability. On the whole, energy taxes increased total factor productivity and returns to capital but decreased employment, with a mixed effect on investment, for the sectors included in our analysis. However, large sectoral variation is observed, with some industries losing out in terms of productivity and profitability when faced with increased energy taxes, while others benefitted.
Introduction
With increasing emphasis on environmental regulation in the industrial sector in recent years, it is important to understand the impacts of such measures on firm productivity and investment behaviour. While much attention has been focused on the environmental benefits of differing climate policies, there is relatively little empirical evidence of their impact on company behaviour.
In this paper, we are interested in the effect of energy and carbon taxes on various measures of corporate behaviour and performance. Using firm level micro-data, we focus on the influence of these taxes on the employment levels, investment behaviour and productivity of European companies for the years 1996 to 2007.
Theory provides conflicting guidance as to the likely effects of environmental regulation and taxes on firm behaviour and performance. Taxes represent additional costs for a firm, and as such would be expected to be a constraint on their production possibilities and thus reduce profits. However, when faced with higher environmental taxes, firms may seek to reduce their costs by locating in "pollution havens" or countries where environmental standards or regulatory costs are relatively low. This is known as the pollution haven hypothesis.
Other models stress the importance of the availability of clean natural resources as factor inputs, which could help to improve the production possibilities of firms (factor endowment hypothesis). Equally, technology innovation as a result of increased regulation is also considered a potential outcome. According to the Porter Hypothesis (Porter 1991; Porter & van der Linde 1995) , environmental regulation provides incentives for companies to innovate, which can increase competitiveness and productivity. Both the factor endowment and Porter Hypotheses imply that environmental stringency may lead to improvements in the performance of firms as well as advancing environmental goals (Wagner 2003) There is also some previous empirical research into the impact of environmental regulation on company behaviour and performance. Leiter et al. (2009) study firm investment decisions in response to environmental protection measures. Using European industry-level panel data, they find a positive but diminishing impact of environmental stringency on investment. Average elasticities of around 0.15 for industry expenditure on environmental protection and 0.06 for country revenue from environmental taxes are found. Veith et al. (2008) examine the impact of the EU ETS on capital market responses in the power generation sector. Returns on common stock in this sector are found to be positively correlated with rising prices for emissions rights. This indicates that the ETS increases profits, as firms pass on or even overcompensate for regulation costs in prices charged to customers, thus increasing their profitability.
A study undertaken as part of the EU COMETR study, Enevoldsen (2007) , includes an analysis of eight sectors in seven European countries. The results show a slightly negative effect of energy taxes on competitiveness and output. However, Henderson and Millimet (2005) , using a US sample, find insignificant effects of environmental stringency on state-level output.
While most of the previous literature is undertaken at country or industry level, there has been relatively little research undertaken using firm level micro-data. Anger and Oberndorfer (2008) assess the impact of the EU ETS on firm performance and employment. Using a sample of German firms, they do not find an effect of the relative allocation of emission allowances on firm revenue and employment in 2005. Martin et al. (2009) investigate the effect of a UK energy tax, the climate change levy, on the manufacturing sector using firm panel data. However, they find no significant impacts on employment, gross output or total factor productivity (TFP).
Economic theory and previous empirical research suggests conflicting or ambiguous outcomes of environmental policies on corporate performance. The pollution haven hypothesis would suggest decreased employment in more stringently regulated sectors, and the assumption that taxes cause additional cost burdens on firms would equally point to decreased productivity and profitability. However, the Porter Hypothesis and Factor Endowment theory suggest otherwise. They indicate the potential for increased output and TFP due to the availability of clean natural resources, or to increased innovation.
However, we can see from previous empirical work that these findings vary widely, based on which sectors and countries are included in the analysis. The literature finds conflicting or insignificant results for competitiveness, employment and investment amongst different country and industry samples. The type of regulation is also important to take into consideration, as energy taxes are expected to be more efficient than some other forms of regulation, such as command-and-control approaches. For this reason it is important to utilise data at the most disaggregated firm level, and to undertake cross-country and cross-industry analysis in order to examine the validity of these conflicting viewpoints.
In this paper, we make use of cross-country firm level panel data, for a large sample of European companies. In order to test the differing hypotheses, we examine how firms in different industries adapt their structure and behaviour in response to energy taxes and the introduction of the EU Emissions Trading Scheme. We assess the effects of such environmental policies on employment, investment and productivity over a twelve year period.
Data
The data employed in this paper is firm-level panel data for a range of European firms across various sectors, provided in the AMADEUS database. This database contains financial and economic information for approximately 11 million firms across Europe.
The dataset we used covered the years 1996 to 2007.
From this we construct four dependent variables, representing several measures of corporate performance. These include:
• Total Factor Productivity (TFP)
• Number of employees
• Investment (calculated as change in tangible fixed assets minus depreciation)
• Return on capital employed While our main data source is the Amadeus database, additional industry and country level variables are collected from a range of sources, such as the OECD, Eurostat and the International Energy Agency.
Energy tax data is sourced from the Eurostat environmental accounts. These consist of taxes on energy products such as petrol, diesel, fuel oils, natural gas, coal and electricity. CO 2 taxes are also included where applicable. In addition, labour cost shares at country level, calculated as total country labour costs as a proportion of output, are collected from the OECD and included as independent variables in both the employment and TFP models. Other determinants of TFP are also included as controls. Educational attainment at country level (the proportion of people aged 25-64 with a third level education), national output gap, and the import intensity of each industry were obtained from the OECD. Electricity prices per country, from the International Energy Agency, are also included.
We use TFP as our productivity measure since changes in TFP directly reflect efficiency gains due to the reorganization of production processes (Factor Endowment Hypotheses) as well as the introduction of new technologies or innovations related to improvements of a firm's energy efficiency (Porter Hypotheses). We derive TFP of firm j in sector s at time t as a residual from a production function in logs: We estimate (2) to obtain empirical measures of the average input elasticities β from firm level data. We account for heterogeneous input elasticities across three-digit (NACE) industry levels in that we estimate the marginal input effects separately for each of the three-digit industries. Note, however, that we pool the observations in each three-digit industry across countries in order to obtain sufficient information for robust production function estimations per industry. We believe that this is a relatively minor restriction on the data since average input elasticities for three-digit industries are typically found to be relatively homogeneous across European countries.
Obtaining the estimates for the average input elasticities for each three-digit industry allows us, together with the information on y, k, and l of each individual firm, to compute residual TFP measures at the firm-level. However, the estimation of (2) involves an endogeneity problem which is well-known in the literature on production functions estimation. That is, a firm's demand for labour is expected to depend on its contemporaneous productivity level which is unobserved and hence captured in the error term. In such a case, the estimated input elasticities would be biased.
Appropriate instruments for labour services that are uncorrelated with productivity are typically not available. Being aware of this problem, we consistently estimate (2) following Olley and Pakes (1996) who propose a semi-parametric estimator to correct for this simultaneity bias by imposing additional restrictions on the data. In particular, the authors use changes in firm's investment decision as a proxy for the productivity shock. The method supposes that a firm's investment decision is a function of its capital stock, age, and its unobserved productivity. Hence, the unobserved productivity parameter can be modeled as some (inverse) function of investments, capital, and age given the assumption of a monotonic relationship between investment and productivity. We apply this methodology to derive consistent estimates of the average input elasticities in our sample.
Variable definitions and sample means are presented in Tables 2 and 3 below.
Methodology
We have estimated four models, each exploring a different aspect of company behaviour or performance. First, our model of employment tests the suggestion that these taxes weaken the incentive to use capital due to high energy-capital complementarity, with firms switching to more labour-intensive activities. However, decreased employment may also be observed in heavily regulated sectors, as firms seek to minimise their costs by moving towards countries or industries with lower levels of stringency. Labour costs are included in this model, to control for differing labour costs across countries over time, which may otherwise be driving the change in a firm's number of employees.
Total factor productivity measures the component of output that arises from factors other than capital and labour. This is often regarded as the impact of technology innovation on firm performance. In this case, energy taxes may have a positive or negative effect, depending on which of the previously outlined theories of environmental regulation are seen to hold. This model controls for additional TFP determinants such as education levels, the gap between actual and potential GDP (output gap), and the import intensity of the specific sector. While import intensity and education, representing higher human capital levels, would be expected to increase TFP, we expect the output gap variable to have a negative sign. Although firms may be expected to innovate and reorganise when operating in a country with an increasing output gap, there may be a loss of knowledge capital in such countries, which tend also to have high unemployment levels. Moreover, some forms of labour input that tend to increase in a capacity-constrained economy (e.g. overtime working) may be omitted from the measure of labour inputs and thereby boost TFP when the output gap is shrinking. On balance, these effects are likely to imply that increasing the output gap will negatively influence firms' TFP levels. Electricity prices are also included and are expected to have a negative effect on TFP.
Return on capital employed is included as a profitability indicator. Energy taxes would be expected to decrease profitability under the assumption that taxes act as an additional costs on doing business. Finally, our fourth company behaviour variable is investment. If energy taxes have similar effects to taxes on capital, there would be an expected negative sign on these coefficients in the investment model, as firms substitute capital for labour. The pollution haven hypothesis also points towards negative effects on investment. However, the Porter Hypothesis would suggest that firms facing increased regulation would have an incentive to innovate and invest in new technology in order to improve productivity. This would suggest increases in investment due to energy taxes. However, it is necessary to empirically examine these in further detail in order to test the competing theoretical stories.
In order to control for unobserved time-and company-specific heterogeneity, we use panel regression analysis. We allow for sectoral variations in energy tax effects by including sector-tax interaction terms for energy tax levels and lagged tax levels.
Many of the variables included exhibit some intertemporal persistence or are nonstationary (e.g. investment, employment), so estimating the models in levels would be expected to lead to substantial residual serial correlation. To avoid this, we estimate the regressions in first differences. The coefficients may thus be viewed as representing equilibrium values.
Results
Since the focus of interest for this research is on tax effects, we first present estimates of the tax effects by sector for each model. Later in the section we discuss other explanatory variables.
Tax effects
Sectoral variations in tax effects feature prominently in all four models. These are calculated for each sector by adding the tax coefficients and the tax-sector interaction coefficients for both the current period and lagged taxes. The results for TFP are shown in Figure 1 below. The figure shows the percent change in the TPF growth rate for each sector associated with a 1% tax increase. Thus a 10% tax increase would be associated with a 10% fall in the TFP growth rate for the tobacco sector. If TFP in this sector would otherwise grow by 2%, this implies a lower growth rate of 1.8% due to the tax change. TFP growth is positively associated with energy taxes in some sectors, but reduced in others. This provides some evidence for Porter Hypothesis effects, but only for selected sectors. Primary resource sectors such as coal, metal, oil and gas extraction benefited from higher TFP growth, along with a range of manufacturing sectors producing energy-using goods (e.g. office machinery, electrical machinery, radio equipment). Electricity and gas generation and the media sector also showed a positive effect. Many sectors showed no statistically significant effect (standard errors were relatively high in this model), but wearing apparel, leather, tobacco and recycling showed a negative association with energy taxes. The average effect of a tax change on TFP growth, weighting sectoral effects by the output shares of these sectors in Europe, is positive.
2 This suggests that ceteris paribus a marginal tax increase would lead to a small but statistically significant improvement in TFP growth for these sectors in Europe.
2 The sector shares were obtained from the OECD STAN database. The relationship between energy taxes and employment for different sectors is set out in Figure 2 below. notably wearing apparel, textiles, and primary resource sectors. Air transport shows a strongly negative association, with a 10% tax rise being associated with a 15% reduction in employment. Other sectors exhibit weaker positive or negative effects.
In this case, the average effect (weighted by sectoral employment shares in Europe) is negative. Overall, then, a marginal increase in energy taxes is associated with lower employment for this set of sectors in Europe.
Air transport also features a large and significant effect in relation to corporate investment (Figure 3 below). In this case the effect is positive, with a hypothetical 10% tax rise being associated with a 20% increase in fixed investment. Basic metals, refining and water transport also have relatively large positive coefficients, while tobacco has a very large negative association and the recycling and leather sectors have smaller negative coefficients. The average effect, weighted by total sectoral investment, is not significantly different from zero. This implies that energy taxes at Our final model examined the association between energy taxes and company profitability, proxied by the return on capital employed. This relationship proves to be positive in most cases, with the strongest relationship being for air transport. Only a few sectors -water transport, refining, wood products, coal and peat extraction, food processing and quarrying having significant negative coefficients. The average effect, weighting sectoral effects by the output shares of these sectors in Europe, is positive and statistically significant. This suggests that a marginal increase in energy taxes would increase profitability on average. 
Other effects
Since we have estimated these models in differences, we only observe effects for factors that vary over time. All models allow for ETS participation effects, and the relevant coefficients are shown in Table 1 below. We find no significant association between ETS participation and employment or investment. However, both TFP growth and return on capital employed were lower in ETS participant firms, ceteris paribus. For a firm with a TFP growth rate of 2%, participation in the ETS would be associated with 0.12% lower TFP growth. Lower productivity and profitability among ETS firms is consistent with the view that the scheme increased firms' costs without inducing significant Porter Hypothesis effects. With the dataset we are using here, it is not possible to tell whether a different design or level of stringency for the ETS would have changed this conclusion.
Finally, we can report a range of secondary results. In the TFP model, sectoral import intensity, national education level and labour costs were not significant (we had expected the first two factors to have a positive effect on TFP and the third to have a negative effect). Labour cost was, as expected, negative and highly significant in the employment model. Returning to the TFP model, the output gap and electricity prices both showed highly significant negative effects, which was in line with our expectations.
Conclusions
In this paper, we study the impact of energy taxes and the EU ETS on a large number of firms in Europe between 1996 and 2007. To the best of our knowledge, we are the first to do so. We estimate the effect on the change in total factor productivity (a proxy for technological progress), on employment, on investment, and on the returns to capital (a proxy for accounting profits). The following results emerge. First, as one would expect, results vary dramatically between sectors, not just in the size of the estimated effects but also in their signs. Second, total factor productivity accelerates with higher carbon taxes. Although the effect is insignificant in large parts of the economy, and negative in some sectors, the positive impact in a number of sectors dominates. This finding supports the Porter Hypothesis. Regulation spurs innovation.
Third, energy taxes reduce employment. There is a significant impact on employment in almost all sectors. The most important effect is a large shift in labour between sectors, but the overall effect is negative. While energy taxes create jobs, more jobs are destroyed. Fourth, energy taxes increase investment. The impact is again significant in most sectors, and the most notable effect is a shift in investment between sectors. The aggregate effect is positive, however. This suggests that businesses respond to energy taxes by substituting labour for capital. This is in sharp contrast to the findings by Koetse et al. (2008) . Fifth, energy taxes increase the returns to capital. Again, differences between sectors are pronounced, but the average effect is positive. This finding reinforces the results for investment.
We obtain different results for the EU ETS. The effect on productivity and profits are negative, while the effect on labour and investment are insignificant. These results are indicative only, as our data only cover the experimental phase of the ETS and we were unable to define a permit price. Future research, using data from the second phase of the ETS, should reinvestigate this. 
